Abstract-This paper presents a simple method to realize a circular polarizer by inserting a dielectric septum in the middle of the cylindrical waveguide. Since fixing slots are built to precisely locate the septum, dual-compensation slots are made in the orthogonal plane to balance the effects of the fixing slots. The measured axial ratio is smaller than 0.5 dB and the phase difference is flat in the frequency range from 60 to 62.25 GHz. In addition, the return losses are better than 13 dB for both and polarizations in the same frequency range. This design has the added advantage that poor phase differences resulting from fabrication error or an inaccurate dielectric constant can easily be improved by adjusting the length of the inserted dielectric septum.
I. INTRODUCTION
C IRCULAR polarizers, which play an important role in communication systems, have been widely studied and discussed. One way of realizing a polarizer is to create grooves or irises on the waveguide wall for achieving a 90 phase difference [1] - [3] . Although these polarizers are robust, precise processes are required when fabricating the grooves and irises. Especially in the -band, it is difficult to modify the polarizer to achieve the required performance if the circuit is malfunctioning. Thus, a polarizer was proposed by placing a metal septum at the center of the waveguide in order to differentiate the phase between the orthogonal modes [4] . Extended research in [5] - [11] discussed the effects of the thickness and shape of the metal septum on the performance of such polarizers. Although such design is simple and effective, it seems that putting a metal septum at the center might introduce large reflection.
Dielectric plates in a waveguide can also introduce circular polarization. An anisotropic dielectric filled waveguide polarizer was proposed as early as 1957 [12] . Since the dielectric constants for -and -polarizations are and , respectively, propagation constants for the two polarizations are different. A further design for minimizing interface reflections was proposed to achieve broad-band characteristics [13] . Another type of polarizer, in which the sidewalls of the waveguide are attached with dielectric slabs, also differentiated the phase between the two orthogonal modes [14] . However, it seems better if the dielectric slab could be placed at the center of the waveguide where the electric fields are strongest. Accordingly, a dielectric septum in a circular waveguide to construct a polarizer was proposed in [15] . In this paper, a new type of circular polarizer is proposed, which takes advantages of both the metal septum and dielectric sidewall.
II. CIRCULAR WAVEGUIDE WITH DIELECTRIC SEPTUM ONLY
A. Description of the Dielectric-Septum Polarizer Fig. 1(a) shows a typical circular polarizer, in which a dielectric septum is inserted in the middle of the waveguide. An incident wave oriented at 45 relative to the dielectric septum is assumed, as shown in Fig. 1(b) . This wave can be decomposed into two equal orthogonal projections and , respectively parallel and perpendicular to the dielectric septum. The two components then propagate through the septum region with little reflection due to the small septum discontinuity. In the septum region, propagation constant of the component is strongly perturbed by the dielectric septum because the electric field line is parallel to the septum. On the other hand, propagation constant of the component is weakly perturbed because the electric-field line is perpendicular to the septum. As a result, this polarizer can be implemented by choosing a suitable septum length so as to realize a 90 phase difference at the output port.
B. Determination of the Radius of the Circular Waveguide
The specifications of the polarizer are shown in Table I . Since the polarizer has to operate between the fundamental and the first high-order modes of the waveguide, the radius needs to fall in the range of 1.58-1.83 mm to accommodate the operation frequency, which ranges from 60 to 62.25 GHz. To design a polarizer, the radius of the circular waveguide must first be determined. The criterion is such that the difference between and in the septum region is frequency insensitive, which then brings out a wide-band response of 90 phase difference.
Assume then that the dielectric septum is made of Teflon with thickness mm and effective dielectric constant 2.2. Fig. 2 shows the simulated results of versus frequency with radius as a parameter using the eigenmode analysis of the commercial software Ansoft HFSS. It can be seen that a nearly flat response can be obtained with the radius mm. As can be observed from this figure, the radius is chosen such that the operation frequency is near the cutoff frequency of the first high-order mode [4] . This figure also shows the results obtained via the perturbation technique [16] , which are in close agreement with the simulation results.
C. Determination of the Length of Dielectric Septum
According to the above criterion, the radius of the waveguide is determined to be 1.79 mm. In order to obtain a phase difference of 90 at 61 GHz, the length must satisfy
With the aid of Fig. 2 , the length of the dielectric septum is then calculated to be 12.90 mm.
D. Consideration of the Effect of Septum Discontinuity
To address the effect of the septum discontinuity, the full structure of Fig. 1 is simulated via Ansoft HFSS. Fig. 3 shows the phase difference versus frequency with septum length as a parameter. As can be seen from this figure, the full-wave simulation result deviated less from the two-dimensional solution for the case corresponding to mm. This indicates that the septum discontinuity has little effect on the phase difference. In order to maintain a nearly 90 phase difference in the frequency range from 60 to 62.25 GHz, is increased to a value of 13.14 mm. Fig. 4 shows the results of the axial ratio ( over ) versus frequency for different values of the septum length . It can be seen that the axial ratio was only slightly disturbed by the change in septum length. Moreover, the results of the full-wave simulation deviated slightly from 0 dB corresponding to the two-dimensional solution, which means that the septum discontinuity also has a small effect on the axial ratio. The return loss versus frequency for the two polarizations and are shown in Fig. 5 . It can be seen that return losses are better than 22 dB for polarization and 16 dB for polarization in the frequency range from 60 to 62.25 GHz.
III. CIRCULAR WAVEGUIDE WITH DIELECTRIC SEPTUM AND SLOTS
From a practical point-of-view, slots are required in the polarizer to precisely locate the dielectric septum despite having a negative impact on polarizer performance. To balance the effect of the fixing slots, compensation slots are also made in the -direction of the circular polarizer, as shown in Fig. 6 . After calculating the propagation constants for the circular polarizer, it was found that the flatness of is maintained. Based on this result, the length of the dielectric septum was calculated to be 18.5 mm.
To investigate the influence of the septum discontinuity, the full structure was simulated using Ansoft HFSS. The polarizer was also fabricated and measured to verify the simulation results. The measurements were obtained using HP8510C after calibrating by the waveguide standard kits, and then adding rectangular-to-circular waveguide transition. The and polarizations were measured separately to determine their -parameters. The phase difference was calculated from the phases of the two -parameters, while the axial ratio was found from the division of their magnitudes. Fig. 7 compares the simulation and measurement results for phase difference versus frequency. It can be seen that the phase difference simulated via Ansoft HFSS fell within 90. 4 91.72 in the frequency range from 60 to 62.25 GHz. This is in close agreement with those expected from the two-dimensional results, but deviates significantly from the measurement data. This discrepancy between measurement and simulation might be attributed to fabrication error or an incorrect dielectric constant in the -band. In light of the linear relationship between the phase difference and septum length, this discrepancy can be easily corrected by proportionally adopting a longer dielectric septum . We changed the septum length to mm and discovered that the phase difference approached 90 , as is evident from Fig. 8 . The return loss versus frequency for the two polarizations and is shown in Fig. 9 . It can be seen that the measured return losses are better than 13 dB for both and polarizations in the frequency range from 60 to 62.25 GHz. Axial ratio versus frequency is shown in Fig. 10 and the measured data are smaller than 0.5 dB in the frequency range of interest.
IV. CONCLUSIONS
A new type of circular polarizer using the simple insertion of a dielectric septum has been proposed in this paper. The resulting axial ratio is smaller than 0.5 dB and the phase difference is flat and close to 90 in the frequency range from 60 to 62.25 GHz. The return losses are better than 13 dB for both and polarizations in the same frequency range. Due to the structural symmetry of the polarizer, its performance can be easily improved by adjusting the length of the inserted dielectric septum when the phase difference does not meet desired specifications. Council. His areas of interest include computational electromagnetics, transmission-line and waveguide discontinuities, microwave and millimeter-wave planar circuits, and interconnection modeling for computer packaging. He has authored or coauthored over 50 publications appearing in IEEE publications and over 70 papers appearing in international conferences.
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